The 
Introduction
Growth faltering of children is common in developing countries. The reasons vary from one context to another, but this growth failure is most often explained by childhood infections [1] and/or inadequate quantity or quality of weaning foods. Where it is attributed to features of the diet, the most limiting nutrients for growth have not yet been determined. In the past, interest focused on the quantity and quality of dietary protein. In more recent years, attention has shifted to the adequacy of dietary energy.
The data analysed in the present article were collected during the Nutrition Collaborative Research Support Program (Nutrition CRSP), which was funded in 1981 by the US Agency for International Development to investigate the relationship between food intake and functional outcomes that are important for the development of individuals, their households, and communities [2] . In designing the programme, it was reasoned that insufficient food intake would manifest itself as inadequate energy intake. Therefore, energy intake was considered a major independent variable in the anticipated data analyses. Also, the intake of other nutrients could be calculated and examined for their relationship to functional outcomes.
The analyses presented in this paper compare the intake of nutrients (including energy), specific foods and food groups, and nutrient bioavailability to the attained size of preschoolers and schoolchildren in a Mexican rural community. The main purpose was to explore different methods of expressing food intake data for their ability to predict children's size.
Data collection and analysis
The Nutrition CRSP in Mexico was conducted from January 1984 to May 1986 in the Solis Valley, a rural highland area in the north-west of the state of Mexico. The 290 participating households were selected on the basis of their having male and female heads of household and meeting one of the following demographic criteria: (1) the mother was pregnant, (2) the parents had a preschool child 18 months old, or (3) the parents had a schoolchild 7-8 years old. The study design called for each target individual to be followed over 12 months. A large amount of data were collected on each target individual and household, of which only the following are relevant here: individual food intakes by a combined recall/weighing/record method on two days each month, anthropometry measured monthly (preschoolers) or every three months (schoolchildren), and householdlevel socio-economic variables measured twice (at study entrance and exit). Details of the study design and preliminary results are published elsewhere [3] .
Several analyses were performed on data from 87 preschoolers and 110 schoolchildren, for each of whom at least eight days of food intake data were available. Daily nutrient and food intake variables were calculated for each child. Foods were converted to nutrients using the Mexican food composition tables [4] augmented by other sources of information as described below.
Summary measures of habitual intake were then obtained by taking the mean of the daily intake variables. In the case of the preschoolers, the means were calculated for the 12 months preceding the 30-month measurement of weight and height. Similarly, the mean intake of the schoolchildren was calculated for the 12 months preceding the final measurement of weight and height (at between 8 and 9 years of age). To correct for differences in age at the time of the anthropometry measurements, weight, height, and weight-for-height data were transformed to Z scores using FAO/WHO/ UNU reference values and an algorithm supplied by the US Centers for Disease Control. Statistical analyses were performed using SAS and SPSS-X.
Findings and discussion

Children's allots
The Solis diet is predominantly vegetarian. Major plant foods include maize, pulque (a native alcoholic drink made from the maguey plant), legumes, pasta, potatoes, rice, bread, tomatoes, onions, garlic, various chillies (dried and fresh), and gathered plants [5] . Important animal foods are chicken eggs and meat, fresh cow's milk, and beef. Home production of these foods is fairly low, reflecting the meagre economic and agricultural resources of these households. Also, consumption of animal products is low because of high purchase costs that make them unaffordable for many families. Consumption of animal foods is further complicated by limited household access to refrigeration and the poor availability of these perishable foods in local, community-based shops. Table 1 describes the food sources of dietary energy for the two groups of children. The preschoolers obtained 88% and the schoolchildren 93% of their energy from plant sources. Of these, 51% and 65% were from tortillas, with smaller amounts of energy coming from legumes, bread, pasta, and rice. The small percentages of energy from animal products (7% and 12%) were fairly equally distributed among meat, dairy products, and eggs, with the preschoolers deriving a larger proportion of energy from these animal foods than the schoolchildren.
In general the mean intakes of energy per kilogram of body weight were 96% of the US Recommended Dietary Intake (RDA) [6] for preschoolers and 115% for schoolchildren (table 2). Protein intakes were twice the RDA for both groups of children, and iron and thiamine intakes also exceeded the RDA. Calcium and zinc intakes were around 60% of the RDA for preschoolers; most schoolchildren met or nearly met the RDA for these nutrients. The median intakes of riboflavin, niacin, retinol, and ascorbic acid were only one-third to twothirds of the RDA for both groups. It should be noted that these children had a high prevalence of anaemia (45% for preschoolers and 40% for schoolchildren), probably caused by both iron and vitamin-B12 deficiency [3] . In one of the communities, analyses of serum retinol revealed values below 20 mg/ml in 29% of the children. Thus, the nutrients lacking in quantity in Solís diets are minerals and vitamins rather than energy and protein. Relationships between diets and size
Nutrient intake
Spearman rank-order correlations were used to explore the relationships between the intake of specific nutrients and the children's attained size, since these correlations are most resistent to outliers, distribution problems, and nonlinear relationships. Food intake data are rarely distributed normally. Previous analyses had demonstrated a marked growth stunting (poor growth in weight and height but normal weight for height) that started around 3 months of age. As a result, children by or before 18 months of age were small compared to the international reference percentiles [7] . The results in table 3 indicate that neither the average daily energy intake nor the average daily protein intake during the previous 12 months was related to the attained weight, length, or weight for length of the children. Dietary retinol was positively related to the Z score for height at both ages, and for weight in the schoolchildren. As discussed below, these significant correlations can probably be explained by a dietary pattern that contains more retinol, rather than by the actual intake of this nutrient. Weight-for-height Z scores were not associated with the intake of any nutrient.
Intake of specific foods
It would appear from the above analyses that the intake of single nutrients is a poor predictor of children's size. An exception is retinol, which may be weakly related to the anthropometric measures. In earlier analyses [3] , however' we observed that a number of functional indicators of nutritional status (specifically growth and cognitive performance) were significantly correlated with the children's intake of animal products (expressed as either the percentage of total energy or of total protein from these foods). Energy and protein proved to be interchangeable as variables, since the intake of one is highly correlated with intake of the other.
These associations between intake of animal foods and children's growth raise many questions. For example, are there specific nutrients in animal products that correlate with children's growth? Are the nutrients contained in animal products more available for absorption? Alternatively, are animal products simply a marker for a better diet in general? With these questions in mind, the following analyses were designed to explore in greater detail why the intake of animal products appears to be an important marker of nutritional status. The food-group variables explored here were the total percentage of energy obtained from all animal products as well as from meat, dairy products, and eggs separately; and the total percentage of energy from all plant sources as well as from tortillas, legumes, other vegetables, fruits, and other plants. The latter category included wheat products (bread, pasta), rice, root crops, oil, candies, and non-dairy beverages, none of which on average contributed more than 7% to dietary energy.
From the correlations between the preschoolers' Z scores at 30 months and their average intakes of specific food groups during the previous 12 months shown in table 4, it is evident that the usual diet of taller children provided more energy from animal products (especially meat and milk) and less from tortillas than that of shorter children. Neither weight nor weight for height was associated with the intake of these foods. In the schoolchildren, animal products and fruits predicted greater weight and weight for height, legume intake was negatively correlated with all three anthropometric outcomes, and the overall proportion of energy from plant sources predicted lower weight. To summarize these analyses, we see a much stronger association between the intake of specific foods and children's size than between the nutrients and the anthropometric measures. The general pattern is for animal products. and sometimes fruits and other plant products, to predict better growth, whereas children eating a greater proportion of tortillas and legumes grew less well.
Analysis of dietary patterns
The above results suggest a link between dietary pattern and functional nutritional outcomes, so further analyses were done to provide a better description of the dietary patterns of Solís children. This task was approached in three separate ways.
First, we calculated the Spearman's rank-order correlations among the food-group variables (table 5) . A higher intake of animal products signifies greater consumption of meat, dairy products, and, to a lesser extent, eggs. Dairy products are most strongly associated with the intake of calories from animal sources. It is also apparent that children eating more animal products, and especially meat and dairy products, tend to consume fewer tortillas and legumes but more fruits and other plant products.
As a second step, the mean percentage of energy from the different food groups was plotted against the percentage of energy from tortillas (figs. I and 2). The plots are so-called median traces, a graphic technique advocated by Tukey [8] and others. To obtain the plotted values, the X values were ordered according to value and partitioned into groups of approximately equal size. For each group, the medians of X and Y were then calculated. Next, the median Y values were smoothed to improve interpretability (first using running groups of three and then running groups of two).
To improve presentation, the Y values have been resealed in the figures. Given the widely varying contribution of the different food groups to dietary energy (see table 1), resealing is necessary if all the food groups are to be plotted on the same graph [9] . The Y values were resealed by dividing the child's food-group value by the sample food-group inter-quartile range (third quartile minus first quartile). The resulting values may be plotted on a single graph, although they are presented here on two graphs for clarity.
The X axis represents the mean percentage of energy consumed as tortillas by each schoolchild. The Y axis is the average percentage of each of the other food groups consumed. Figure 1 shows that the children who ate proportionately more tortillas consumed remarkably less dairy products and fruit, and substantially less meat and other plant products. It is notable that the intake of dairy products falls to almost nothing at the point where the energy from tortillas exceeds approximately 55%, which is the case in about 75% of the schoolchildren. By comparison, figure 2 shows that the proportion of dietary energy from legumes, eggs, and vegetables stays fairly stable with respect to the percentage of energy from tortillas, although eggs do show a pattern similar to that seen for meat and dairy products (the effect being less dramatic). In the case of vegetables (tomatoes, onions, chillies, gathered plants) and legumes, increased reliance on tortillas for dietary energy is associated with a somewhat increased percentage of dietary energy from these two food groups. The patterns for preschoolers were similar to those shown in the figures for schoolchildren. As a third step in investigating the interrelationships between the food-group variables, principal-components analysis was employed. The first analyses for both the preschoolers and the schoolchildren resulted in two factors with eigenvalues greater than 1.0. After plotting the initial eigenvalues and examining the three-factor solutions, twofactor models were selected as the best.
In table 6, the first factor can be seen reflecting the continuum of dietary patterns that were observed in the former analyses. In the case of the preschoolers, those who have a lower intake (as indicated by the negative loadings) of tortillas (-0.88), and to a lesser extent of legumes (-0.44), have a higher intake of dairy products (0.82), other plant foods (0.75), fruit (0.60), and meat (0.44). The second factor has high loadings for meat and vegetables. No correlations with protein, riboflavin, or ascorbic acid were statistically significant (p<.05).
The pattern for the schoolchildren is similar to that seen for the preschoolers. A low proportion of energy from tortillas is associated with greater consumption of other plant foods (0.90), dairy products (0.85), and fruit (0.52). The second factor has high loadings for vegetables (0.75), fruit (0.54), meat (0.51), and eggs (0.44).
In general, all three approaches (the correlation matrices, the plots, and the principal-components analysis) show that a continuum of diets exists in the Solís Valley, ranging from that of individuals who are very highly dependent on tortillas to a much more complex diet in which dairy products, meat, fruit, and other plant products are consumed in larger quantities.
Given its value in the factor loading, it appears that the percentage of a child's energy intake that is consumed as tortillas might act as an indicator of poor diet quality in general. To test this, we compared each child's factor-1 score and intake of tortillas against nutrient intake (table 7) . As expected, the nutrients showed similar correlations with the factor-l scores and tortilla intake (although the signs are reversed because of the negative correlation between consumption of tortillas and factor 1). Surprisingly, tortilla intake is strongly positively correlated with the intake of iron, thiamine, zinc, energy, calcium, and niacin for preschoolers, and of iron, thiamine, zinc, and calcium for schoolchildren. Retinol, on the other hand, is consumed in lower amounts when tortillas supply a larger proportion of dietary energy. The positive relationship between retinol intake and children's size is probably explained by the lower intake of retinol that results from consuming a larger percentage of energy as tortillas. The intake of protein, riboflavin, and ascorbic acid shows little association with the amount of tortillas consumed or with the factor-l score.
It is surprising that tortilla intake is associated with a higher intake of several nutrients, since the analyses above show that tortilla intake predicts poorer growth. The reason for this apparent contradiction may lie in the bioavailability of the nutrients: the nutrient composition values for tortillas may not reflect the bioavailability of the nutrients. Also, the bioavailability of nutrients from other foods may be poorly modelled in a diet that is heavily dependent on tortillas.
Bioavailability variables and size
To investigate these bioavailability issues, estimated values for the fibre, phytate, and zinc content of foods were added to the Mexican food composition nutrient database [4] . Available iron was calculated by Monsen's formula [10] , which considers the intake of haem iron, meat, and ascorbic acid but does not include any correction for dietary phytate. As the phytate content of the Mexican diets is high (table 8) and phytate interferes with iron absorption, the calculated values for available iron must be substantially overestimated. Nevertheless, assuming a requirement for absorbable iron of 1 mg per day [6] , the intake of this by preschoolers is particularly low. Since the available-iron variable did not account for the negative effects of phytate, the ratio of fibre to iron (g:mg) was also calculated. Variables that should reflect the bioavailability of zinc include the phytate-to-zinc molar ratio [11] and the ratio of the product of phytate times calcium to zinc [12] . In the diets of Solís children, these ratios exceed the limits published in the literature above which zinc absorption is impaired [11] [12] [13] . Although calcium bioavailability from Solís diets is poor [14] , no proxy for calcium availability was employed here because there is no theoretical basis on which to believe that it would affect children's growth. Associations between the bioavailability variables and the nutritional outcomes were then explored. Higher intakes of fibre and phytate relative to iron and zinc were associated with more growth stunting among the preschoolers as reflected in lower height and weight Z scores at 30 months (table 9). However, preschooler weight for height showed little correlation with the bioavailability measures. For the schoolchildren, negative associations were seen between weight and the ratios of fibre to iron and of phytate to zinc.
Not surprisingly, both the factor-1 score and the tortilla-intake measure were strongly associated with these bioavailability variables. Children eating more tortillas, or who had a lower factor-l score, had diets with more phytate and fibre, less absorbable iron as indicated by the higher fibre-to-iron ratio, less available zinc, and less haem iron (table 10). These negative relationships between indicators of poor nutrient availability and tortilla intake may be the explanation for the negative associations seen between tortilla intake and children's size.
Potential confounding effect of socio-economic status
The relationships described above suggest that the growth stunting of Solís children reflects the poor quality, rather than quantity, of the diet. However, the possible confounding effect of socio-economic status cannot be ignored. Better dietary quality in the Solís Valley is associated with higher socio-economic status. As a result, it is possible that the apparent effects of dietary quality on children's growth are in fact a reflection of some other correlate of socioeconomic status. 
